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Comparison of Ionospheric Scintillation Statistics
From the North Atlantic and Alaskan Sectors

of the Auroral Oval Using the Wideband Satellite

I. INTrROIDUCTION

In recent years, nieasu rments using different techniques have shown that the

t.,arth's ionosphere contains electr on density irregularities coveting many decades

of scale sizcs. By using different techniques to probe the irregularities much J
progress has beetn achieved in 1hp understanding of equatorial irregularities that
can produce the lrirgest ,ffe(ts on t ransionospheric propagation. Such cor-related

"studies that combine equatoril scintillation measurements with rocket and satel-

lite in situ, radar and nirglow observations have been reviewed (Basu and Kelley,
1,970. Basu and Dasu, 1981 ). While the magnitude of the amplitude and phase

perturbatiom, of the signal is the largest at the equator, the high-latitude environ-
rnent certainly affects the propagation channel for a much larger percentage of

time. The object of this report is to describe the morphology of medium-scale
irt'egularities (tens of km to few hundred ni) in two sectori of the auroral oval as

obtained from phase, and amplitude scintillation measurements at 138 Mliz using
the orbiting Wideband satellite, It has been well-known for over a decade that

(Received for publication 15 September 1981)
1. Basu, S. and Kelley, M.C. (1979) A review of recent observations of equa-

torial scintillations and their relationship to current theories of F-region
irregularity generation, Radio Sci. 14:471.

2. Basu, S. and Basu, S. (1981) Equatorial scintillations -a review, J. Atmos.
Terr. Phys. 43:473.
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amiplitude scintillations c'an degrade the performance of satellite communication

links (Aarons et al, 19619 ,Aarons and Allen, 1971 ). More recently, it has

become clear' that naturally-occurring phase scintillation can im~pair the perform-

ance of satellite systems that use synthetic aper'ture processing to achieve high

Inieof te simplicity of amplitude measurements, there exists a relatively

good global covet-age of such observations. On the other hand, phase scintillation

ni~eusur'enerits have been quite sparse because phase eoher ant transmissions and/

or' complex r'eceiving systems are required. The first phase measurements were

made by utilizing the 150- and 400-MI-z t ransmiss ions fromn the U.S. Navy navi-

gation system of satellites. In this expei-iment, the characteristics of phase scin-
tillation at VIII" with respect to the UI-IF frequency were determined for a sub-

auroral location (Wand and Evans, 1975( C rane, 19706 ). Since the launch of the

orbiting \Videband satelliteý in May, 19761, SRI International has utilized the phase

coher'ent transmissions (10 spectral lines between VI-II and S-band) to make phase
scintillation measur'enent.,j at VIIIF, UHiF, and L-hand with r'eferernce to S-band
tratistn issions that, under niost conditions, remain unper'turbed by the Ionosphere.

Thfe instrunient charactoristlcs and initial data-pr'ocessing procedures have been

described by Fro~niouw et al (1978).
I1lorphoiogical ot urliv of phatir' and amplitude scintillation from Poker Flat

0( 5() invaritant lilt It .'u) "Or thev wr'riod 1976-78 havv been pretoented by Rino and
Matthiews (1980) 9and F reinouw et al (1 980). 10The most Importanit feature in

:3, Anr-ons, J. , Mullen, J. P. , and Whitney, 11. E. (1969) The scintillation
boundary, J, Geophys, lies. 74,.884.

4. Atir'ons, J. and Allen, Hl. S. (1971) Scintillation boundary during quiet and
distur bed magntic ondiions J. Go hy les. 70170. ACL7-11
AD 718 923.-

5. B~rown, W. D. (1976) Effects ot atmospheric induced phase errors in synthetic
apertur'e radar', R~eport SANI)76-0520, Sandia Laboratory, Albuquerque,
New Mexico. _______________________________

6. Wand, H. H. and Evans, J. V. (1975) Morphology of Ionospheric scintillation in
the aurorali zone, Proct'edings of Synm osium on Effect of the Ionosphere on.

SaeSstems nnJd Communicatons, J. M. Goodman (pd.), UT.S. Govt.
r ntIng OfTVi eWash~ington, D.C.

7. Crane, R. K. (1976) Spectra of ionospheric scintillation, J. Geophys. Res.
81:2041._____

8. Fr~emouw, E. J., Leadabrand, H. L., Livingston, B. C., Cousins, M.D.,
Rino, C. L., Fair, B.C., and Long, B.A. (1978) Early results fram the
DNA Wideband satellite experiment - complex-signal scintillation,
Radio Sci. 13:1617-187.

9. Hino, C. L. and Matthews, S.J. (1980) On the morphology of auroral zone
radio wave scintillation, J. Geophys. Res. 85:4139.

10. Fremouw, E. J., Lansinger, J. M., and Mýiller, D.A. (1980) Further geo-
physical analysis of coherent satellite scintillation data, Annual R~eport,
PD-NW-81-237H, Contract No. F49620-78-C-0014, PhyitcaLTDynaicsi~,
Inc., Belrevu~e -Washington.
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the nighttime phase and amplitude data reported by these authors is the existence

of a geomietric enhancement caused by the presence of sheetlike irregularities

aligned with the magnetic L-shells in the auroral oval (Frernouw et al. 187711

Rino et al. 197812). However-, no seasonal variation was found as shown In

Figure 1 (Fremouw and Lansinger, 1979 1)

on the other- hand, as shownr in Figure 2, nighttinte amplitude scintillation

data fromn ATS-3 taken at Narssarssuaq, Greenland (350 kmi subionospheric Inter-

section at (640 Invariant latitude, very close to Goose Bay overhead) had shown a
consistent seasonal pattern with the occurrence and magnitude of scintillations

being high in the summner and low during the winter, solstice (Basu, 187514;. Basu
and Atrns 1901) 14u l75 had established that this seasonal behavior of

scintillat ions during quiet timnes, namely a winter, minimum and summer maximum,

is in close agreement with the variation of the auroral electrojet index AL (Davis

and Sugiura, 196691() in the same sector of the auroral oval. Following the sug-

gestion of H.olier and Stolov (1970, 17 1974 18 ) it was proposed by 13asu that the vary-

Ing geometr~y of thie pl~asma sheet with tho dipole tilt angle, may cause a seasonal

mnodulation or pariticle precipitation and, hence, of scintillations. If this hypothesis
is corrvet, no such mir-ked seasonal variation should be observed in the Alaskan
and Scarndtnavinn sectors or the oval. Thus, it Is encouraging to note that no
marked seasonal variation was observed in the Alaskan sector.

It was hoped that a Wide-band station in the North Atlantic sector of the oval

would dctetriine whether the seasonal variation shown by the amplitude scintillation

11. F rernouw, X. J., Itino, C. L. , Livingston, 11. C. . and Cousins, M. D. (1977)I
A persistent subiu ro ra I scintillation enhancement observed in Alaska,
Geophys. Res. Letit. 4:539.

12. Rino, C. L., I tvingston, It. C.,, and Matthews, S. J. (1978) E.vidence for
sheet-like- auroral Ionospheric irregularities, Geophys. Res. Lett.
5:1039.

13. Fremouw, E. J. and Lansinger, J. M. (1979) Continued geophysical analysis
of coherent satellite scintillation data, Annual Report, PD-NW-79-213R,
Contract F4i)620-7t3-C-0014. Physical Dynamics, Inc., Bellevue,
Washington.

14. lBasu, Sunanda (1975) U1niversal time seasonal variations of auroral zon1e
magnetic activity and VHF scintlillat ions, J. eophs. Res. 80:4725-4728.
AF.GL-TH-76-0114, AD A025 579.

15. lBasu, S., and Aar~nis, J. (1080) The morphology of high-latitude VHF scin-
tillation neair 70 W, Radio Sdi. 15:59, AFGL-TH-80-0145, AD A084 298.

16. Davis, 1'. N. andi Sughira, M. (1966) Auroral electrojet activity index AE and
Its universal time variations, J, Geophys. Res. 71:785-801.

17. Boller, B. R. and Stolov, H. L. (1970) Kelvin -Helmholtz instability and the
semi-annual variation of geomagnetic activity, J. Geophys. Res.
7 5:6073.

LS8,B He.11r, B. R. and Stolov, H. L. (1974) Investigation of the association of
r.oagnetopause insta~bility with interplanetary sector structure,
J. Geophys. Res. 79-673.
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13 also observed in the phase scrIntillatiorn data. Furthrm)ore, the data would be

able to confirm the existence of sheetlike irregularities obsvrved most noticeably

in the phase data in the Alaskan sector. On the basis of amplitude scintillation

data from the North Atlantic sector Martin and Aarons (1977) had earlier postu-

lated the existence of sheetlike i'rrgularities.

19. Miartin, 1!. and Aarons, J. (1977) F-layer seintillat ions and the aurora,
J. Geophys. Res. 82:2717-2722. AFGL.,-TR-77-0182, AD A043 623.
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With the above dual objectives in mind, modified Wideband receivers known as

the Micro-Wideband system started operation in January, 1979, at Goose Bay,

Labrador and at Anchorage, Alaska, so that a comparison of scintillation behavior

in the two sectors on same days could be made. Table 1 gives the geographic and

magnetic coordinates of the two stations. It was hoped that Anchorage being a few

degrees lower in latitude than Poker Flat would be better able to resolve the

plasmaspherlc component of scintillations that was observed at low elevation
f 1 9angles to the south of Poker Flat (Rino and Matthews, 1980 ). It had been pro-

posed to keep the Goose Bay Wideband station operational to provide a long-term

comparison with Poker Flat data. Unfortunately the failure of the Wideband satel-

lite early in August, 1979, terminated the Goose Bay measurements only after an

approximately six-month operation while the Anchorage receiver was operated

from January to April, 1979. It is this limited data set from these two stations

that will form the basis of the report. The positions of Goose Bay with respect

to the Qý: auroral oval at midnight and noon are shown in Figure 3 on an invariant

latitude- magnetic local time grid. From Table I we find that Anchorage is aboutPt I 40` further ,'quatorward of the Goose Bay position ;o that it is south of the auroral

oval at midnight even for moderate magnetic ractc• ýty (Q- 3).

Tnble 1, Goose Dlay and Anchorage Cuur;inatvs

Geographic
Coordinates Invarlant Latitude IL Value

Goose ly 53. 30 N. 60. 3VW 64. 170 2 ]

Anchorag, 61.2°N; 149.19'W 60. 440 4. 11 1

2. RECEIVING SYSTEM

The Mie•,o-Wideband system differs from the original Wideband system in

that it rereives only the four lowest coherent frequencies of the Wideband-beacon

satellite: 138 MW,., 378 MHz, 390 MIz, and 402 MHz. By locking onto the

402-MHz signal and synthesizing the necessary references in the receiver, both

phase and amplitude measurements can be made at the three lower frequencies.

To do this, the quadrature components of the signal at each of these frequencies
are recorded as a function of time, and each record is digitized at the rate of

20
100 samples per sec (Livingston, 19790).

20. Livingston, R.C. (1979) Micro-Wideband analysis summary output -Wideband
beacon, Technical Memorandum, SHI International, Menlo Park,
California.
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As with tho original Wideband data (Fremiouw et al, 1978 ),the generation

or 'rrmilla ry statistics Is preceded by separating the long-termi, deterministic

ti-rend fron) the scintillation comnponents. Trhis is done by initially smoothing the

intensity and phase, using a 6 -pole, low -pass liuitter'worth filter with a cutoff of

0, 1 liz'. 'ihe sinoothed phase? is subt ractvd fromi the raw phase, while the raw

intensity !s divided by the smnoothed Intensity. This results in a continuous data

reco rd of ;e mo nmevan phase and unity m earn intos it y. The detr ending process has

IltWe effect. on the intensity spectrumn, which is already cutoff by the ionosphere

at frequencies higher than 0. 1 liz by Fresnel filtering. Any low frequency

trends, such as antenna pattern variations, are removed. The phase spectrum,

o)n t Ia other hand, displays large spcctn rinmt enmslitis at frequencies well below

2 1, 1-'vdstvin, Y. 1. and Starkov, G. V. (1967) Dynamics of auroral belt and polar
geomnagnetir disturrbances, Plannet. Space Sci. 15:201).
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the 0. 1 Hz cutoff. Following the SRI convention, fluctuations that occur in the
domain greater than 0. 1 Hz are called scintillation and those less than 0. 1 Hz

are called trend. These definitions are arbitrary, but convenient.

3, DEFINITION OF STATISTICAL PARAMETERS

In this section the different parameters that quantize the phase and amplitude
scintillation measurements will be defined so that, particularly in the case of

phase measurements, the effects of the data filtering on the phase scintillation

magnitudes may be understood. The terminology and method of calculation of

statistical parameters are as follows:

:1.1 KNIS Phiar Deviation

Standard deviation of detrended phase component is calculated as

2 - 1/2

in radians, as measured at the receiver output, and not corrected for the finite
reference frequency. Note that this parameter is dependent upon the detrend

cutoff frequency, Befor(, the median oG values, as shown in the next section, were

calculated they were corrected for the finite receiver reference frequency of;. f-2
402 MI~z in the following manner. Assuming a dependence of the phase vart-

ance as has been displayed by the Wideband data, the measured phase deviation is

related to the true value of cF as

U1 -•r (l-0 2 ) , (2)

where n is the ratio of the reference frequency to the measurement frequency.
For Micro-Wideband, the measured VHIF phase deviation is not drastically altered

at 0. 88 of its true value. However, the tJHF deviations are decreased to 0. 12 and

0.06 ol their true magnitudes at 378 MHz and 390 MHz, respectively. Thus, even

under strong scatter conditions the observed UHF phase deviations are small and

unreliable. For this reason only the 138-MHz phase (and amplitude) data are

presented in the next section.

3.2 Plime Spectral Slope -..:id Strength

We assume a power-law form of the phase power spectrum, as has been dis-
played by Wideband data, in the form

23
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p1,

0 f T f (3)

where p4 is the slope, and Ti is the strength in mks units. These parameters

are extracted from a linear least-squares fit to the plot of log of phase power

spectral density TrS log of frequency over the range of 0. 5 to 5 Hz, as demon-

strated in Figure 4. The T values given in the next section are the spectral

strengths obtained at I Hz.

The advantage of using T and p, is that they characterize the phase dis-
turbance independent of the detrend cutoff, unlike a. Generally the T and p,

are consistent with ac, although a can include energy outside of the slope-fit

range. It is therefore recommended that a¢, T, and p all be considered

together. The spectral strengths, T and T , are related as follows:
nmeas

-22
T =T (1-n '2a(4)

mecas

3.3 S4 ScinktillationU Index

The normalized standard deviation of intensity is given by
s 4 = < ? > . , > 2 1 / 2 .

which ranges from 0 to above 1. 2 from quiet to strong scatter conditions. The
22S4 index was first introduced by Briggs and Parkin (1963).

3.4 hNtenaity Spectral Slope and Strength

Except under weak 8catter conditions, the intensity power spectrum will not

be power law. This characterization is of the high-frequency end (5 to 40 Hz) of

the intensity spectrum which may or may not be linear:

01(f) = TfI (a)

where p, is the slope, and TI the strength of the intensity spectrum. The fit is

illustrated in Figure 5. As with T of Eq. (3), TI is given in mks units and is

evaluated at 1 Hz by extrapolation of the linear least-squares fit of the spectrum

between 5 and 40 Hz.

22. Briggs, B. H. and Parkin, I.A. (1963) On the variation of radio star and
satellite scintillation with zenith angle, J. Atmos. Terr. Phys. 25:339.
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4. RESULTS

With the user in mind, the statistical results of the spatial and temporal var-

iation of 20-sec values of phase and amplitude scintillation parameters observed

t the Goose Bay and Anchorage stations will be given in the form of a large num-

ber of graphs. To bring out the importance of the geometry of observations, we
shall present both the nighttime and daytime data in three groups sorted according

to different UT time intervals. Because of the sun-synchronous nati2re of the

satellite orbit (inclination 990) the three UT groupings in each category represent

passes in three distinct corridors with the earliest time interval corresponding to

passes to the east, the middle interval to overhead passes, and the latest times to

passes in the west. Figures 6 and 7 show typical nighttime and daytime subiono-

spheric tracks (at 350 km altitude) of the Wideband satellite in each of the three

corridors for the Goose Bay station. The magnetic midnight at Goose Bay is

0310 UT while the local tine is UT-4 hours. Thus the nighttime passes occur

approximately during premidnight, midnight, and postmidnight hours, respectively,

while the morning passes occur within the morning to noon local time sector. The

nighttime passes progress from north to south and vice versa for the daytime

passes. Figures 8 and 9 show such typical passes for Anchorage, where magnetic

midnigh* is 1115 UT and local time is UT-10 hours.

The basic format chosen for presenting the data is in the form of subiono-

spheric invariant latitude plots of the scintillation parameters. The invariant

latitude, as is well-known, is defined by

A -cos" L- (7)

where L is the Mellwain (19(0) 23 1,-parameter. Twenty-second values of a , T1,

P10 S4 'TI', and p, as defined in the last section are sorted into 10 invariant latitude

bins for Ku < 3. 5 (20 bins for Kp > 3. 5) and the 50. 90, and 99 percentile occur-

renee statistics are computed. The 99 percentile occurrence is labeled as a

"w3,st case" situation when thv number of data points in thie bin is less than 100.

Only the 50 percentile curve is extended to cover latitude bins having at least five
,Aints. The lowest and highest number of 20-see values per latitude bin are

specified on the graphs to give an idea of the size of the data base.

23. Mcllwain, C. E. (1961) Coordinates for mapping the listribution of magnet-
ýeally trapped particles, J. Gkophys. Res. 66:3681.
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4.1 Niglrttin Nliame Statistics rat (kaosc [lay

The phase scintillation a 0 in r'adilans for miagnet teal iN quiet (Kp < 3. 5) night -

time 138-MIW. Goose Bay Wideband passes is plotted on a semnilogarithmic scale

vs Invariant latitude In Figures 10a. 1Ila, and 12a for the three vor ridors previously

defined. Similar graphs foi- the disturbed cases (Kp > 3. 5) are shown in

Figures 10b, Ilb, and 12b. A logarithmic scale was chosen to accommodate the
large range of phase scintillat ion values observed. Thel( major point of interest is

the geomretrical enihanicement in the G; -64O lat itude bin inl the quiet cases and in

the 0l3-65o binl il the disturbed cases. For the overhead geomet ry the " worst fr

thle eastern and, or cou rse, ti( ovorea cot'ridoris. It is Inte restinag to note that
the(- maignet ie a zimuth of, t he p ropa gotion vector changes with altitude inl the weste(rn

corridor' where t hi g('(iroi I ri'cal i'flievrie''tint is least. Thus, inl the western corrn

dlotr tin' ray path does not align it seI I along a particular' h-shell over a large alti -
tuuir' ranige, thererby t ending to sro'a r' out th( geomietrical cirhancerviient . Indeed, a
strioenring effect is, obs(i.'cý Ill' hr urv ~tu 12n w'ith a plateau o)I relatively high values

being obser'ved nevar' the geornetrioal erriratreeneont region rather' thanl one pronrit-

tictit Peak.

Tlho Paucity ifr dat a makes the hnt itudo oVvirage du rlag magnetically disturbed
cond it ions rnurbr to 1111i'or. '[he' low er'-hat itutdo end shows a relot ively greater'

enhaneemllent of phalse se trrt hit tolls at such tfimes.

it has tieen pointed out in thte Itt st sect ion that a~ depends (in the 'jet rend inter -
val used for, filte ring the raw data. Figures 13a, 13b, 14a, 14b, 15a, aInd 15Sb give
the resptctive Tvalues alt I lIN that a re fr'ee of any filter-ing effects. Thus, these

values in conjuarthin with p) values shownr in Figures 1 (h, 1 tb, 17a, 17b, 18la,

aind 1111 can he used to estimate uaccording to the specific systerm Integr'ation
requitr vn-ients. only the overhead values of T1 under both quiet and disturbed

cornditions shown in Figures 14a and l4b show n geometrical enhancement. This

tends to indicate that the geomrtrical enhancement seen in a in the easter'n cor-
ridor comes from spectr'al frequencies between 0. 1-1 lIN.

The median p) curves uniformly show a value slightly exceeding, 2, actually

between 2, 2-2. 3 rather than a value of 3i, which is to be expected fromn a one-

dimensional fin-situ spectral index of 2 reported earlier (Dyson et oh, 197424

24. Dyson, P. L. , McClure, J. P. , and Hanson, W. B. (1974) In-situ measure-
ments of the spectral characteristics of Ionospheric irregularities,
J. Geophys. Res, 79:1497.
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GOOSE BAY WIDEBAND 138MHz Kp<3.5

POSTMIDNIGHT TRANSITS WEST JAN, 22- AUG.8, 1?79
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Figure 12a. Phase Scintllahtion Index aA vs. Invariant Latitude for

Nighttime Transits West of Goose Day Under Qutet Magnetic Con-

ditions
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Figure 12b. Phase Scintillation Index a vs. Invariant Latitude forz
Nighttime 'Transits West or Goose 3ay Under Disturbed MagneticI-, Conditions
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GOOSE BAY WIDEBAND 138 MHz Kp < 3.5
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1Figure 13a, Spectral Strength T. of Phase at 1 Hz vs. Invariant

Latitude for Nighttime Transits East of Goose Bay Under Quiet

Magnetic Conditions
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Figure 13b. Spectral Strength T• of Phase at 1 Hz vs. Invariant

Latitu4e for Nighttime Transits Aast of Goose Bay Under Dis-
turbed Magnetic Conditions
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Figure 14a. Spectral Strength T6 of Phase at I Hz vs. Invariant
Latitude for Nighttime Transits Overhead of Goose Bay Under
Quiet Magnetic Conditions
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Figure 14b. Spectral Strength T& of Phase at 1 Hz vs. Invariant
Latitude for Nighttime Transits Overhead of Goose Bay Under
Disturbed Magnetic Conditions
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Figure 15a. Spectral Strength T of Phase at 1 Hz vs. Invariant

Latitude for Nighttime Transits est of Goose Bay Under Quiet
Magnetic Conditions
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Figure 15b. Spectral Strength T6 of Phase -tt 1 Hz vs. Invariant
Latitude for Nighttime Transits West of Goose Bay Under Dis-
turbed Magnetic Conditions
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GOOSE BAY WIDEBAND 158 MHz Kp 3,5
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Figure igfa. Piast, Spetral Index p, vs, Invariant Latitude for

Nighttime Trat-,La East of Goose Bay Under Quiet Magnetic

Conditions
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Fkgwe tl(b. Phase Spectral Index po vs. Invariant Latitude for

Nlghttinme Transits East of Goose a3ny Under Disturbed Magnetic

Conditions
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GOOSE BAY WIDEBAND 138 MHz Kp < :35I I ' I I t I I I I I I I I I I I
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Figure 17a. Phase Spectral Index po vs. Invariant Latitude for
Nighttime Transits Overhead of Goose Bay Under Quiet Magnetic
Conditious
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Figur'e 17b. Phase Spectrol Index po vs. Invar'iant Latitude for

Nighttime Transits overhead or Goose Bay Under Disturbed
Alagnetic C:onditions
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GOOSE BAY WIDEBAND 138 MHz Kp < 3.5
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Figuve 18a. Phase Spectral Index po vs. Invariant Latitude fo'S~Nighttime Transits West of Goose Baiy Under Quiet Magnetic
, ~Conditions •
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Figure 18b. Phase Spectral Index pb vs. Invariant Latitude foi
Nighttime Transits West of Goose Bby Under Disturbed Magnetic
Condit ions
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Phelps and Sagalyn, 19702). They are consistent however with the p, values

obtained at Poker Flat over a 2-year period (Rino, 197926). However, contrary

to thf,se observations, no significant enhancement of po is seen in the region of the

geometrical enhancement of a@ (Figure 3 of Fremouw and Lansinger, 197913).

4.2 Nighttime Intenaity Statietacs at (k•lme Bay

Since the geometrical enhancement is not veo'y marked in the S4 index, these

data give us a better insight into the actual latitude variation of the strength of

turbulence C (Rino, 1879279) of the irregularities. Thus in the premidnight quiet

situation (Figure 19a), median S4 incr-eases from 0.2 at 56°A to 0. 6 at 60A JA.

that is, a factor of 3 increase in 100 latitude, most of which is caused by an in-

crease of the strength of irregularities with latitude. In the worst case situati6n

it is possible to have saturated amplitude scintillations at 138 MAIz throughout the

latitude interval during both quiet and disturbed magnetic conditions as observed in

Figures i9a, 191, 20a, 20h, 21a, and 21b. The primary effect of magnetic dis-

tut bances seems to be to ralse the level of scintillations at the low -latitude end of

the Wideband covwrage.

The overhead quiet scintillation curve, Figure 20a shows an interesting in-

crease of S4 at the low-latitude end near 55"A. Unfortunately the number of
points there are between 5-10. Therefore we cannot conclusively identify it as the

plasmaspheric component of scintillations. A similar phenomenon was observed

at Poker Flat (Mina and Matthews, 19809).

The intensity spectral strength parameter, TI, and slope, pI, are shown in

Figures 22a, 22b, 23a, 23b, 24a, and 241 and 25a., 25b, 20a, 263b, 27a and 27b,

respectively, for the sake of completeness. Actually these parameters are of

limited use as TI and p1 are contaminated by noise at the low-latitude end when S4
is low, which is to be expected. However, these parameters are also contaminated

by multiple scattering effects when S 4 is high and the roll-off frequency -hown in

Figure 5 moves to the high-frequency end (Whitney and Basu, 197727). Thus, only

the middle portions of the cuives between (30-(140 A are of some use in providing
Information on the tetnporal structure of scintillations, Within this rsnge, median

25. Phelp. A. D. R. and Sagalyn, HC. (1976) Plasma density irregularities in
the high-latitude top side ionosphere, J. Geophys. les, 81:515.
AFIL-TH-76-O077, AD A024 248.

26. HIno, C. L. (1979) A power law phase screen i odel for lonospaheriLc scintilla- A

tion, 1. Weak scatter, Hadio Set. 14:1135.

27. Whitney, H,.E. and Basu, S. (1977) The etfect of tono.pheric scintillation on
VHIF/UHPF satellite communication:i, Radio Soi, 12:123. AFPGL-TR-V7-
0067, AD A037 520.

42

S i

9. ~ ¶a9L9~.ni ~ ~ Mj~.~ .,i ~ .. S.~,. ~ . ~ ~ t



GOOSE BAY WIDEBAND 138 MHz Kp < 3.5
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rl Figure 19a. In•tensitty Scintillation Index 84 vs. Invariant Latitude
ftot, Nighttime rransits E~ast of' Goose Day Under Quiet Magnetic
Conditions
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Figure 19b. Intensity Scintillation Index S4 V8, Invariant Latitudetot, Nighttirne Transits E~ast of Goose Bay Under Disturbed Mag- ',
netic Conditions
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Figure 20a, Intensity Scintillation Index S4Qvs, Invariant Lat-tude
for Nighttime T'ransits Cvorhead of Goose Day Under Quiet Mag-iil nvtic Conditions
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Figure 'Ob. Intensity Scintillation Index 84 vs, Invariant Latitude .
for Nigh'ttime Transits Overhead of Goos(,]aY Ulnder Disturbed
Nlapnvtic C.onditions
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Sl;Figure 21u, Intennity Scintillation ,.:•&x 5 vs, Invariant Latitude
for Nilhttime rransits West of Goose D3ay nder Quiet Magnetic
ConIditi Ong
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Vigure 21b. Intensity Scintillation Indc x S~ vs. Invariant Latitude
for Nighttime Trans its West of Goose Bly tjnder Disturbed MAig-
neRtic C~onditions

45i

.. .....
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Figure 22a, Spectral Strength T! of Intensity at I liz vm. Invari-
ant Latitudep for Nighttime Trans its East of Goose Bay Under
Quiet Mugnetic Conditions
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il ure 22b, Spet rm| Strength rt of Intensity at I Hz vs, Invart-
ant ldttltude ror Nighttimp 'ranslitH ,'ast of Oose Buy Under
T)lhtiluihd I njnetic (.'nndltlonM
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GOOSE BAY WIDEBAND 1381MHz Kp < 3.5
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Figur'e 2311, Sp(,tvai Strength Tj of Int(,tnity Lt 1 liz vs. Invari-
ant Latitud foi, Nightthnie lransit8 Overhead of Goose, Bay Under

Quiet Magnetic Conditions
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Figure 23b. Spectral Strength TI of Intensity at I Hz vs. Invari-
ant Latitude for Nighttime Transits Overhead of Goose Bay Under
Disturbed Magnetic Conditions
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GOOSE BAY WIDEBAND 138 MHz Kp < 3.5
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Figure 24a. Spectral Strength TI of Intensity at 1 Hz vs. Invari-
ant Latitude for Nighttime Transits West of Goose Bay Under
Quiet Magnetic Conditions
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Figure 24b. Spectral Strength T! of Intensity at I Hz vs. Invari-
ant Latitude for Nighttime Transits West of Goose Bay Under
Disturbed Magnetic Conditions
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GOOSE BAY WIDEBAND 138 MHz Kp<3.5
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Figure 25a. Intensity Spectral Index pj vs. Invariant Latitude for
Nighttime Transits East of Goose Bay Under Quiet Magnetic Con-
ditions
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Figure 25b. Intensity Spectral Index p, vs. Invariant Latitude for
Nighttime Transits East of Goose Bay Ulnder Disturbed Magnetic
Conditttons
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GOOSE BAY WIDEBANO 138 MHz Kp < 3.5
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Figure 26a. Intensity Spectral Index p, vs. Invariant Latitude

for Nighttime Transits overhead of Goose Bay Under Quiet Mag-
netic Conditions
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Figure 26b. Intensity Spectral Index pl vs. Invariant Latitude
for Nighttime Transits Overhead of Goose Bay Under Disturbed
Magnetic Conditions
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Figure 27a. Intensity Spectral Index p vs. Invariant Latitude for
Nighttime Transits West of Goose Bay ýnder Quiet Magnetic Con-
ditions
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Figuare 27b. Intensity Spectral Index p] vs. Invariant Latitude for
Nighttime, rr'ansits We.st of Goose, Bay Under Disturbed Mlagnetic
C.ondlit to-ns

Ah



S~-i

p, and p, agree numerically as they should in the weak-scatter regime (Rutenach,

4.3 Daytime Phase Statistics at C'oose Bay

In keephig with the greatly equatorward position of the Goose Bay station with

respect to the daytime auroral oval, we see little phase scintillations during mag-

[i~ netically quiet times as shown by the median curves in Figures 28a, 29a, and 30a.

Scintillations increase poleward of 68 0 A. The overhead transits show a geomet-

rical enhancement near 64°A during both quiet and disturbed times (Figures 29a

and 29b) while the two other corridors do not have a prominent enhancement

(Figures 28a, 28b, 30a, and 30b). This led Rino and Matthews (1980)9 and

Fremouw and Lansinger (1981)29 to postulate that the daytime irregularities are

in the form of field-aligned rods and not L-shell aligned sheets. However, a

small enhancement is visible in the eastern corridor (Figures 28a and 28b) as

with the nighttime date. The limited nature of the data base precludes any defint-

tive conclusions. The 90 percentile and worst case values can be as large as

5-10 rad even during quiet daytime hours.

The T, parameters in the various categories (Figures 31a, 31b, 32a, 32b,

33a, and 33b) behave very much like their a counterparts, displaying similar
geometrical cheracteristics as discussed previously. The daytime T values are
at least 10 dB below the nighttime values as may be observed by comparing Fig-

ure 14a with Figure 32a.

The median p values are shown in Figures 34a, 34b, 35a, 35b, 36a, and 36b.

They are also lower than the nighttime values probably because of the low a mag-

nitudes that, in turn, are associated with a more noiselike spectrum.

4.4 Iayhivte Inttensitv Stati~tic at (k)ope lIIa

The S4 indices observed at Goose Bay during the daytime are indeed very low.

During quiet magnetic conditions (Figures 37a, 38a, and 39a) the median value of
S4 is everywhere less than 0.3 and is about 0. 1 close to overhead. No geometrical

enhancement is observed in the median for overhead passes but is evident at the

90 and higher percentiles, Magnetic disturbances (Figures 37b, 38b, and 39b)

cause S4 values on the order of 0. 5 at latitudr" greater than (iS°A and also give
rise to noticeable geometrical enhancements.

28. Rlufenach, C. L. (1975) Ionospheric scintillation by a random phase screen:
spectral approach, Radio Set. 10:155.

29. Fremouw, E.J. and Lansinger, JM, (1981) Recent high latitude improve-
ment in a computer based scintillation model, Proceedings of Ionospheric
Effects Symposium, Alexandria, Virginia.
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GOOSE EAY WIDEBAND 138 MHz Kp < 3.5• ~~~~~~~50 " i i"

EAST TRANSITS JAN. 22 -AUG. 8, 1979
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Figure 28a. Phase Scintillation Index o vs. Invariant Latitude
for Daytime Transits East of Goose Bay Under Qiitet Magnetic
Conditions
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GOOSE BAY WIDEBAND 138 MHz Kp > 3.5
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Figure 28b. Phlse Scintillation Index ao vs. Invariant Latitude
for Daytime Transits East of Goose Bay Under Disturbed Mag-
netic Conditlons
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GOOSE BAY WIDEBAND 138 MHz Kp < 3.5
20 -1I I I I

OVERHEAD TRANSITS JAN. 22 -AUG. 8, 1979
1410- 1500 UT 31-67pts,/DEG, LAT.
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Figure 929a. Phase Scintillation Index o vs. Invariant Latitude

for Daytime Transits Overhead of Goose Bay Under Quiet Mag-
netic Conditions
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GOOSE BAY WIDEBAND 138 MHz Kp > 3.5
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Figure 29b. Phase Scintillation Index ab vs. Invariant Latitude
for Daytime Transits Overhead of GoosE Bay Under Disturbed
Magnetic Conditions
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GOOSE BAY WIDEBAND 138 MHz Kp<3.5
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WEST TRANSITS JAN, 22 -AUG. 8, 1979
1500-1700 UT 23-116 pt s./DEG. LAT.

20-

WORST CASE

10 90%1

171

(radions) j

2 1

2

!I
56 58 60 62 64 66 68 70 72 74 76 *

INVARIANT LATITUDE

Figure 30a. Phase Scintillation Index o• vs. Invariant Latitude

roi- Dayime Transits West or Goose BaY Under Quiet Magnetic
(,ondit ions
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GOOSE BAY WIDEBAND 138MHz Kp > 3.5
WEST TRAN0ITS JAN.22-AUG,8, 1979
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Figurt: 3Ob. Phase Scintillation Index a vs. Invariant Latitude
for Daytime TIransits West of Goose Baý Under Disturbed Mag-
netic' Conditions
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netic Conditions
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GOOSE BAY WIDE BAND 138 M~z Kp 3.5

TRANSITS OVERHEAD JAN 22 -AUG 8.,1919
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Figure 32b. Spectrail Strenflth T6 o~f Phase at 1 flz vs. Invariant
Latitude for Daytime Trans ts werhead of Goose Bay Under Dis-
turbed Magnetic Conditions
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GOOSE BAY WIDEBAND 138 MHz Kp< 3.5
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Figure 33a. Spiectral Strength 'I' of Phase at 1 HIz vs. Invariant
L.,atitude for Daytime Tr'angits W st of Goose iBay UndE. Quiet
Magnettc Conditions
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Figure 33b. Spectral Strength TA of Phase at I Hz vs. Invariant
Latitude for Daytime Transits Wbst of Goose Bay Under Dis-
turbed Magnetic Conditions
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GOOSE SAY WIDEBAND 138 MHz Kp '3.5
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Figure 34a. Phase Spectral Index po vs. Invariant Latitude for
Da time Transits East of Goose Bay Under Quiet Magnetic Con-
ditTons
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Figure 34b. Phase Spectral Index Po vs. Invariant Latitude for
Daytime Transits East of Goose Brmy Under Disturbed Magnetic
Conditions

(62

.. . . .. . , , . - . , .!... . i U L A M L ..



GOOSE SAY WIDEBAND 138 MHz Kp < 3,5
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Figure 35a. Phase Spectral Index po vs. Invariant Latitude for
Daytime Transits Overhead of Goose Bay Under Quiet Magnetic
Conditions
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Figure 35b. Phase Spectral Index povs. Invariant Latitude for
Daytime Trans its Overhead of Goose Bay Under Disturbed Mag-
netic Conditions
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GOOSE BAY WIDEBAND 138 MHz Kp < 3.5
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Figure 36a. Phase Spectral Index p, vs. Invariant Latitude for
Daytime Transits West of Goose Ba? Under Quiet Magnetic Con-
ditions
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Figure 36b. Phase Spectral Index pd v-. Invariant Latitude for
Daytime Transits West of Goose BaS Under Disturbed Magnetic
Conditions
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Figure 37a. Intensity Scintillation Index S4 vs. Invariant Latitude

for Daytime Transits East of Goose Bay Under Quiet Magnetic
Conditions
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Figure 37b. Intensity Scintillation Index S4 vs. Invariant Latitude
for Daytime Transits East of Goose Bay Under Disturbed Magnetic
Conditions
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GOOSE BAY WIDEBAND 138 MHz Kp < 3.5
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lFigure 38a. Intensity Scintillation Index S4 vs. Invariant Latitude
for Daytime Transits Overhead of Goose Bay Under Quiet Magnetic
Conditions
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Figure 38b. Intensity Scintillation Index S4 vs. Invariant Latitude
for Daytime Transits Overhead of Goose Bay Under Disturbed
Magnetic Conditions
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GOOSE BAY WIDEBAND 138 MHz Kp< 3.5
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Figure 39a. Intensity Scintillation Index S4 vs. Invariant Latitude
for Daytime Transits West of Goose Bay Under Quiet Magnetic
Conditions
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Figure 39b. Intensity Scintillation Index S vs. Invariant Latitude
for Daytime Transits West of Goose Bay UAder Disturbed Magnetic
Conditions

67



4.5 Nighttime Phase Statistics at Anchorage

The Anchorage data covers only the period 24 January through 3 April 1979,
while the Goose Bay date also covered the following summer period until early

Auguat, 1979, when the Wideband satellite failure stc ed observations. We will

point out the salient features of this small data base and compare it with the

Goose Bay results using thq same format as used for the Goose Bay data display.

In Sections 5 and 6 we wil present magnetic activity and seasonal variations of

the phase and amplitude srintillations obtained at these two widely-separated

auroral stations.

The nighttime phase scintillation data in the 3 corridors is shown in Figures

40a, 40b, 41a, 41b, 42a, and 42b for quiet and disturbed times. The position of
the geometrica,'. enhancement for individual cases is between 60-61°A rather

than betwee.o 63-640 A as with Goose Bay. This results from the different invar-

iant latitude locstions of the two stations as given in Table 1. However the med-

ian values at Anchorage often show enhancements at somewhat higher latitudes.

Rino and Owen (1980)30 also found that the median position of the geometrical

erianc'!ment for Fort Yukon based on a small data set was poleward of the theoret-
ically predicted positinn for sheetlike irregularities. The geometrical enhance-

ment seems to be most marked in the overhead and western corridors but not in

the eastern corridor. We believe that the latter may be due to a lack of align-

ment with a particular L-shell over a large altitude region. The same situa.dion

prevailed in the western corridor for Goose Bay where the smearing took place

over a larger range of magnetic azimuths. Thus, the behavior of the geometri-

F cal enhancement in the off-overhead corridors is different in the two longitude

sectors and [•...s to be connected with the location of the magnetic pole with

"respect to the ,, crving stations (magnetic pole to the west of Goose Bay and east
ut Anchorage), which produces the different magnetic azimuth dependence with

altitude of the ray paths in the eastern and wes'ern corridors. That is to say that

the declination of the magnetic field changes fastest with altitude in longitude sec-

tors which are closest to that of the magnetic pole. Frernouw and Lansinger

(1981), 29 on the other hand, -postulated that the aheetlike anisotropy is local
time dependent attaining its most sheetlike form r-t 0200 LT wher the western

corridor passes are observed in the Alaskan sector.
This set of Anchorage phase scintillation curves is very similar to the a set

for Goose Bay in most other respects. It is interesting to note, however, that

the low-latitude enhancement observed at Goose Bay in Figures 10a, 10b, and Ila
is missing from their counterparts (Figures 40a, 40b, and 41a) even though Rino

and Matthews (1980)9 observed such low-lnttude enhancements at Poker Flat.

30. Rino, C. L. and Owen, J. (1980) The structure of localized nighttime auroral
zone scintillation enhancements, J. Geophys. lRes. 85:2941.
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ANCHORAGE WIDEBAND 138MHz Kp <3.5
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Figure 40a. Phase Scintillation Index a vrs Invariant Latitude
for Nighttime Transits East of Anchorat, Under Quie~t M,1agnetic
Conditions
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Figure 40b. Phase Scintillation Index co vs. Invariant Latitude 4
for Nighttime Transits East of Anchorage Under Disturbed Mag-
neti c ConditionsI.4
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. ANCHORAGE WIDEBAND 138 MHz Kp <3.5
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Figure 41a. Phase Scintillation Index a vs. Invariant Latitude

for Nighttime Transits Overhead of Anchorage Under Quiet Mag-
netic Conditions
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ANCHORAGE WIDEBAND 138 MHz Kp> 3.5
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Figure 4lb. Phase Scintillation Index au vs. Invariant Latitude
for Nighttime Transits Overhead of Anctorage Under Disturbed
Magnetic Conditions
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ANCHORAGE WIDEBAND 138 MHz Kp < 3.5
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Figure 42a. Phase Scintillation Index a vs. invariant Latitude
for Nighttime Transits West of Anchorage Under Quiet Magnetic
Conditions
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ANCHORAGE WIDEBAND 138 MHz Kp > 3.5il0 , I I I I
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Figure 42b. Phase Scintillation Index oa vs. Invariant Latitude
for Nighttime Transits West of Anchorage Under Disturbed Mag-
netic Conditions
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We shall discuss this point further in Section 6. The T behavior (Figures 43a,
43b. 44&, 44b, 45a. and 45b) follows the a behavior quite predictably. The p
curves (Figures 46a, 46b, 47a, 47b, 48a, 48b) show median values of 2. 1-2.4
and no increase in pin the geometrical enhancement region. These are in

agreement with Goose Bay results.

4.6 Nighttime Intensity Statistics at Anchor~age

The S 4 index is plotted as a function of invariant latitude in the three groups
for the Anchorage station in Figures 49a, 49b, 50a, 50b, 51a, and 51b. Two
factors are immediately apparent from Figure 50a: 1) the lack of a geometrical
enhancement in the median for the overhead quiet data and 2) the absence of an

amplitude scintillation increase at the low-latitude end of the coverage. Both
these factors are contrary to the nighttime observations at Goose Bay. The lack
of the geometrical enhancement is probably due to the low level of irregularities
expected at -~60A under quiet conditions. Indeed a geometrical enhancement is

observed during disturbed times (Figure 50b). The lack of enhanced scintillations
both in phase and amplitude at the low -latitude end could be a seasonal effect and

will be discussed further in Section 6.
The T I and p, curves (Figures 52a, 52b, 53a, 53b, 54a, and 54b and 55a,

55b, 56a. 56b, 57a, and 57b, respectively) behave very similarly to their coun-4
terparts in the Goose Bay sector.

4.7 Diaytimne Phase Statistics at Anchoragej

, V'! Unfortunately, the latitude coverage for the Anchorage daytime phase scintil-
lation data shown in Figures 58a, 58b, 59a, 59b, 60a, and 60b is limited, partic-I
ularly for the east and west corridors. What is surprising, however, is that the
magnitude of a is much larger compared to the daytime a observed at Goose

Bay. This will become more apparent when we present the seasonal comparisons
In Section 6. As with the daytime overhead Goose Bay data (Figure 29a) a geomet-
rical enhancement is clearly apparent in Figure 59a. In the western corridor,
also, a geometrical enhancement is observed as with nighttime data. Investiga-
tion of individual pass behavior shows that a fairly prominent geometrical enhance-
ment Is observed in almost half the daytime passes observed In the western corri-
dor. Thus, at least, during this high sunspot period it may not be quite correct
to assume that daytime irregularities are always rodlike in nature as has beenj

done by Fremouw and Lansinger (1981). 29 This is again similar to the situation
at Goose Bay where two corridors also showed daytime enhancements as pointed

out in Section 4. 5. This finding needs further careful investigation.
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1figure 43a. Spectral Strength TO€ of Phase at 1 Hz vs. Invariant
Latitude for Nighttin-e Transits East uf Anchorage Under Quiet

Magnetic Conditions
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Figure 43b. Spectral Strength Tj of Phase at I Hz vs. Invariant
Latitude for Nighttime Transits East of Anchorage Under Dis-
turbed Magnetic Conditions
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Figure 44a. Spectral Strength T~ of Phase at 1 H~z vs. Invariant
Latitude for Nighttime Transits Overhead of Anchor-age Under
Quiet Magnetic Conditions
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Figure 44b. Spectral Strength T6 of Phase at 1 Hz vs. Invariant
Latitude for Nighttime Transits Overhead of Anchorage Under
Disturbed Magnetic Conditions
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Figure 45a. Spectral Strength Tb of Phase at 1 Hz vs. Invariant
Latitude for Nighttime Transits West of Anchorage Under Quiet
Magnetic Conditions
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Figure 45b. Spectral Strength T6 of Phase at 1 Hz vs. Invariant
Latitude for Nighttime Transits Wvest of Anchorage Under Dis-
turbed Magnetic Conditions
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Figure 46a. Phase Spectral Index p, vs. Invariant Latitude for
Nighttime Transits Last of Anchoraje Under Quiet Magnetic Con-
dit ions
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Figure 46b. Phase Spectral Index p, vs. Invariant Latitude for
Nighttime Transits East or Anchorale Under Disturbed Magnetic
Conditions
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Figure 47a. Phase Spectral Index pj vs. Invariant Latitude for
Nighttime Transits Overhead of Anchorage Under Quiet Magnetic
Conditions
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Figure 47b. Phase Spectral Index p& vs. Invariant Latitude for
Nighttime Transits Overhead of Anchorage Under Disturbed
Magnetic Conditions ,i
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Figure 48a. Phase Spectral Index p• vs. Invariant Latitude for
Nighttime Transits West of Anchorake Under Quiet Magnetic
Conditions
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Figure 48b. Phase Spectral Index p# vs. Invariant Latitude for
Nighttime Trainsits West of Anchorage Under Disturbed Mag-
netic Conditions
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Ftgure 49a. Intensity Scintillation Index S vs. Invariant Latitude
for Nigt~titn Transits East of Anchorage T1nder Quiet Magnetic
Conditions
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Figure 49b. Intensity Scintillation Index S vs. Invariant Latitudefor Nighttime Transits E ast of Anchorage Under Disturoed Mag-
netic Condititons
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Figure 50b. Intensity Scintillation Index S4 vs. Invariant Latitude

= for Nighttime Transits Overhead of Anchorage Under Disurbetda
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r Figure 51a. Intensity Scintillation Index S4 vs. Invariant Latitude
for Nighttime Transits West of Anchorage Under Quiet Magnetic
Conditions
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Figure 51b. Intensity Scintillation Index S vs, Invariant Latitude
for Nighttime Transits West of Anchoraget•nder Disturbed Mag-
netic Conditions
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Figure 52a. Spectral Strength T of Intensity at I Hz vs. Invariant
Latitude for Nighttime Transits Eati! of Anchorage Under Quiet
Magnetic Conditions
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Figure 52b. Spectral Strength Tr of Intensity at I Hz vs. Invariant
Latitude for Nighttime Transits East of Anchorage Under Disturbed
Magnetic Conditions
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Figuire 53a, Spectral Strength T1 of Intensity Dt 1 Hz vs. Invariant
Latitude for NIghttinmc Teinpji'6, Overhead of Anchorage UnderA
Quiet Magnetic Conditions
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Figure 53b. Spectral Strength T, of Intensity at 1 Hz vs. Invariant
Latitude for Nighttime Transits Overhead of Anchorage Under Dia-
turbed Magnetic Conditions
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Figure 54a. Spectral Stre~ngth T of Intensity at 1 Hz vs. InvariantLatitude for Nighttime Transits West of" Anchorage Under Quiet
Magnetic Conditions

ANCHORAGE WIDEBAND 138 MHz Kp> 3.5
20 I I i "I ' "'t.... i l ' m!= I ' I "b N, I• a H Tl T -- 'rSSP,.TMDIOT eAST 1 WEST

SWORST CASE
90%

0-

50%

JAN.24 -APR 3,1979
1 - 42 pIt. /2 DEG, LAT

i -20

-40

L 40-T 
4

5 6e 5? 66 59 60 $I 62 i C 4 6 047t 7" 74
'.!VARIANT LATITUDE

Figure 54b. Spectral Strength TI of Intensity at 1 Hz vs. Invariant
Latitude for Nighttime Transits West of Anchorage Under Disturbed
Magnetic Conditlons
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Figure 55a. Intensity Spectral Index pT vs. Invariant Latitude for

Nighfttime Transits East or Anchorage Under Quiet Magnetic Con-

ditions
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Figure 55b. Intensity Spectral Idwp~ vs. Invariant Latitude for

Nighttime Transits E~ast of Anchorage tinder Disturbed Magnetit
Conditions
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t Figure 56a. Intensity Spectral Index p, vs. Invariant Latitude for
Nighttime Transits Overhead of Anchorage Under Quiet Magnetic
C.onditians
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Figure 57a. Intensity Spectral Index pl vs. Invariant Latitude for
Ni httime Transits West of Anchorage Under Quiet Magnetic Con-
ditions
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Figure 57b. Irtenuity Spectral Index pI vs. Invurtant Latitude for
Nighttime Transita weat of Anchorage Under Disturbed Magnetic
Condtltons
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Figure 58a, Phase Scintillation Index a# vs. Invariant Latitude
for Daytime 'I'ransits East of Anchorage Under Quiet Magnetic
Conditions
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Figure 58b. Phase Scintillation Index oý vs. Invariant Latitude for
Daytime Transits East of Anchorage ina ev Disturbed Magnetic
Conditions
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Figure 59n. Phase Scintillation Index o• vs. Invariant Latitude for
t)aytime Transits Overhead of Anchor'a e Under Quiet MagneticConditions
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Figure 59b. Phase Scintillation Index o vs. Invariant Latitude for
Daytime Transits Overhead of Anchorp.ge Under Disturbed Magnetic
Conditions
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Figure 60a. Phase Scintillation Index a# vs. Invariant Latitude for
Daytime Transits West of Anchorage Under Quiet Magnetic Condi-
tions
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Figure 60b. Phase Scintillation Index aý vs. Invariant Latitude for
Daytime Transits West of Anchorage Under Disturbed Magnetic
-'c nd it ions
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The T6 curves (Figures 61a, 61b, 02a. 62b, 63a, and 63b) behave similarly

to the a set with again the same two corridors (Figures 62a and 63a) shlwing

geometrical enhancements. The magnitude of T. however, is much larger than

that observed at Goose Bay. For Instance, in the Goose Bay overhead daytime

T plot (Figure 32a) the magnitude of median T at 65OA is approximately -40 dB

whereas. stAnehntage-t the sanie position (Figure f2a) it is a little below -20 dB.

(The 65°0A positio'n was chosen because it Is outside the geometrical enhancement

region of thi, two stations.) This is a very large difference in phase spectral

density at the two stations.

The p value. Ahiwn in Figures 64a. M4b, 65a. 65b, 66a., and 66b are in

their" median v•.l~ues sliRhtly higher tnnn their Goose Bay counterparts. For

instanre, rompniing Figure ,1a with Figure 65a we find that p. varies between

2.0 and 2.1 in the latitude Interval fl-67°0 •A at Goose Bay whereas, at Anchorage

po is 2. 2 between 6;0-,;30 A. This slight elertion of p. can probably be explained

t %, invoking better Mi•natl-to-t•oise rutios associated with the higher phase scintil-

hinns in the Anchorage sector.

4. IDa•itime lItta. ..~4atwce at %twhorage

As is to be expectid from the phase statistics, the amplitude statistics at

Anchorage shown in Figures VTa. Ii7b, 68a, 68b, 69a, and 69b show a much higher

lvel ý" S4 index as well •s magnetic storm increase in S4 when contrasted with
simnilar curves in the Goose Bay sector. This is an unexpected result emanating

from this cornparativ•• ;tud%- and roasons for such behavior are unclear at this
time.

5. MAGNETIC ACTIVITY VARIATION OF SCINTILLATIONS 4

In Section 4 the sctntillation data at in@ two stations were lumped into two wide

ranges of magnetic activity. To study the effect of magnetic activity over smaller

ranges we constructed three subgroups or the data: the lowest range being

Kp - 0-2,. an intermediate range with Kp - 2-5", and the high activity group with

Kp e 5. To obtain some statistical validity of the median scintillation values,

particularly in the highest activity range, we put together the three different time
sctorr for nighttime and daytime passes and considered 20 latitude bins. Mag-

netif- activity seems to affect the nighttime auroral oval region at latitudes <6°O as

niny he ob.-4err'd from Figures 70 and 71 which show the median a and S4 as a

tunction of latitude for Goose flay. It is somewhat surprising that about 68 0 A there

,,ems to be little effect of magnetic storms in increasing either of these param-

et.,r• signfirnntly.9

97

Bt



20 ANCHORAGE WIDEBAND . •10 1 1 I I I I l I I " • . . '

TRANSITS EAST .... ,
1730-191S UT 34-, ,

I0

_10-~

50%i i

-20-

.40

55 56 57 5S 59 60 61 62 6I 64 5I LI 67 68 59 70 71 72 73 74SINVARIANT LATITUDE

Figure I Ia. Spectral Strength To of Pha,'e at 1 Hz vs. Invariant
Latitude for Daylime Transits East of Anchorage Under, Quiet
Magnetic Conditions
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Irigure 61b. Spectral Strength To of Phase at 1 Hz vs. Invariant
Latitude for Daytime Transits East of Anchorage Under Disturbed
Magnetic Conditions
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Figure 62a. Spectral Strength T' of Phase at 1 Hz vs. Invariant

Latitude for Dnytime Transits Oterhead of Anchorage Under Quiet
Mlagnretice (+,()nditions
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Figure 63a. Spectral Strength T& of Phase at I Hz vs. Invariant
Latitude for Daytime Transits West of Anchorage Under Quiet
Magnetic Conditions
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Figure 63b. Spectral Strength T# of Phase at 1 Hz vs. Invariant
Latitude for Daytime Transits West of Anchorage Under Dia-
furbed Magnetic Conditions
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Figure 64b. Phase Spectral Index p# vs. Invariant Latitude for
Daytime Transits riast of Anchorage Under Disturbed Magnetic

Conditions
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Figure 65ri. Phase Spectral Index p& vs. Invariant Latitude for
Daytime Transits Overhead of Anch rage Unde Que agnetic
Conditions
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Figure 65b. Phase Spectral Index p# vs. Invariant Latitude for
Daytime Transits Overhead of Anchorage Under Disturbed Mag-
netic Condition.
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ANCHORAGE WIDEBAND 138 MHz Kp' 3.5

I i 1 - I I I I I I 1 I I 1 1

TRANSITS WEST JAN 24 -APR 3, 1979
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Figure 66ha. Phase Spectral Index po vs. Invariant Latitude for

Daytime Transits West of Anchorage Under Quiet Magnetic Con-

ditions
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Figure 66b. Phase Spectral Index p, vs, Invariant Latitude for

Daytime Transits West of Anchoragi Under Disturbed Magnetic
Conditions
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ANCHORAGE WIDEBAND 138MHa Kp<3.5

TRANSITS LAST JAN. 24 -APR. 3,1979
1730 - 1915 UT 34 - 135 pt.. / DEG. LAT.
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Figure 67a. Intensity Scintillation Index S4 ,.a. Invariant Latitude
for Daytime Transits East of Anchorage Under Quiet Magnetic
Conditions
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Figure 67b. Intensity Scintillation Index S4 vs. Invariant Latitude
for Daytime Transits East of Anchorage Under Disturbed Magnetic
Conditions
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ANCHORAGE WIDEBAND 138MHz Kp<3.5

TRANSITS OVERHEAO JAN 24- APR. 3. 1979
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Figure 68a, Intensity Scintillation Index S4 vs. Invariant Latitude
for Daytime Transits Overhead of Anchorage Under Quiet Magnetic
Conditions

ANCHORAGE WIDEBANO 138MHz Kp)>3.5
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Figure 68b. Intensity Scintillation Index S4 vs- Invariant Latitude
for Daytime Transits Overhead of Anchorage Under Disturbed
l/lagnetic Conditions
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ANCHORAGE WIDEBAND 138MHz Kp<3.5
12m1i 1 -r-i i i i I ! i ;i|ii
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Figure 69a. Intensity Scintillation Index S4 vs. Invariant Latitude
for Daytime Transits West of Anchorage Under Quiet Magnetic
Conditions

ANCHORAGE WIDEBAND 138 MHz Ap>3.5
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Figure 69b. Intensity Scintillation Index S4 vs. Invariant Latitude
for Daytime Transits West of Anchorage Under Disturbed Mag-
netic Conditions
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GOOSE BAY WIDErAND 138 MHz

{ 14-337pts./2 DEG. LAT.)

~KýZ2- 5-

2 54-357pts /2 DEG. LAT.)

,(2 2-156 pts /2 DEG. LAT)

II

(radians)

05L

56 58 60 62 64 66 68 70 72 74 76
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Figure 70, Median Nighttime Latitudinal Distribution in Goose
Bay Hevgion of Phas,, icintillation Index a as a Function of
Magnetic Ind,,x KIp

The situatixn is quite, different for oaytimo Goose Bay ao and S4 data shown

in 1- tguies 72 and 73 where the effect of high magnetic activity (I~p -_ 5) is to

gre:1tly increase bcth a, and S4 throughout the latitudf range covered (580- 720A).

In f•-t, the effect of magnetic activity dramatically increases the median level of

sk intillation indices above about 66oA. However, particularly for the S4 index

there is little Kp control of scintillations in the low and intermediate range.

In the Alaskan sector scintillations at night seem to be more sensitively con-

tri-led by magnetic activity particularly at the high-latitude end as shown by the

Anmcr.orage data in Figures 74 and 75. The Goose Bay nighttime S4 data generally

show a larger median level tl-n similar Anchorage data. For instance, if the

sciatillation boundary is arbitrarily defined by S4  0.3 (peak-to-peak fluctu".tions

of 6( dB) then the low -Kp boundary at Goose Bay is 59oA (from Figure 71)

.07
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GOOSE BAY WIDF-OAND I•8 MHz

,9

(1437Dc 2 DEG. LAT.)

S4

; "• / Kp • 02-'
KK
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Figure ''I. Mvedtan Nighttime Latitudinal Distri .utior. in the Goose Bay Rep.oto of

Amplitude Scintillation Index S 4 as a Function 01 Magnetie Index Kp
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GOOSE BAY WIDEBAND 138 MHz
Io T F f r- - I I i i I I

5

2p:

(6 -3 pts./2 DEGLAT.)

(radians) (35-470pis./2DEG. LAT. )5
" •8 KpO-V"

(28-219pts. /2 DEG. LAT.)

' !
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56 58 60 62 64 66 68 70 72 74 76

INVARIANT LATITUDE

Figure 72. Median Daytime Latitudinal Distribution in Grose
Bay Region of Phase Scintillation Ineex a as a Function of
Magnetic index Kp

wh,,reas, Anchorage data puts it at (64 0 A. The intermediate Kp is at 57 0 A at Goo'.;e

Bay and 59 A at Anchorag-, while for high activity Goose Bay is always polewara

of the boundary, whereas Anchorage shows that the boundary is between 580 and

590 A. 1i similar comparison of the phase scintillation boundary is difficult be-

cause tae prominent georri-•rcal enhancement occurs at two different positions at

the two ;,.,:.ttons.

The dayti:mie magnet'c activity variations of a 0 aid S4 at Anchorage are shown

in Figurez; 76 an-I 77. Bnth parameters seem to be quite sensitively controlled by

the Kp index. The a•.ytime S4 cormparison between Goose Bay and Anchorage

ooints out dramatic ditferences. If we again use the concept of the scintillation

boundary defined by S4 ý C 4 at the two stations, then we find from Figures 73 and

77 that the entire latitude range of 560-710A in the Goose Bay sector Is
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GOOSE BAY WIDEBANO 138 MHz

.8K-
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Fipw, 7 3. Mledia&n Da.vt c rat ititudi' ,I TDistributlrn in (Goose Bay Region of
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ANCHORAGE WIDEBAND 138 MHz
10, --- r- 7 1 T-- T-r

Irdi 
n -- 

6 i 2 E

(rdin IIr

56 58 60 62 64 6r, 68 fO 72 14 76
INVARIANr LATITUDE

I igjuir 74. Mediai~n Niviittiniv I.otitmiitinal Iistriblitit on in
Aichorak.' PI'.eon ()f I'las. Scintilkitioti Index 10 a a Ivufc-

t.11,o rwoI' : i d(if thf. Ii.linit-N !,or I)\m' :,1, Ititcl 11o.diatfi Ip vailles. Very diffei ent

i" tIi, i'r-11iVol ;it Am. ii lt-ýe whoi 4,tk I ,)%%-ia -lKp boundrarY is observed at hI. A and
the ititerimediaiv Kp houtidai'v is at 63't'A . T[he high Kp boundary shows a double

himti,d~ -hchavlor at (j0 sc liay with the boundary crossings at 6i1"A and 6i7"A,

'viiili th-' boundaryv at Anchnt';ivo i. observvd at only 58",N, thr S, risi ng steeply4
6t dh Iiit'u in a mionotoniL' wiav. Ti'hs murh -increased da~ytiime scintillation

"'di ;ý1 Allborage is opprosite t~i the venerally reduced level observed at. night inS a t'he niL~hlttmor. and daytime houndaries at the two st ations are shown
in .Il ForIm inl 'l';d'e 2 . Fu it hi'r laYtinime-nighttime comparisons in the two

i( 11's abs.' vid do r ng r ht samre sea:son will be p resented in the next section.



ANCHORAGE WIDEBAND 138 MHz
1.0 V I I I I I 1 I I I I I I
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Fpigure 75. Mdian Nighttime Latitudinal Distribution in Anchorage Region of

Amplitude S intillation Index S4 as a Function of Magnetic Index Kp
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ligure 76i. ],,rii:n I)aytt l 1,atitudinal D)istribution in Anchorage
I ovion (JF PI,-w, Sci'tillatiro Index 0ua a Function or Magnetic
Indox Kp

'r;bl] 2. S 4 1iounda iry

Goose Bay Anchorage
Night -)ay Night Day

Low Kp 59 0A "71 0 A 64°A 66° A
(0-2

Intr Kp 57r"A 71 0)A 59°0 
A 63 A(2-5)

H1igh Kp <56"'A h(I + 67°A 58-59')A 58 A(-"5) (double)
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1 ANCHORAGE WIDEBAND 138 MHz

Kp Z5
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Figure 77. Median Daytime latitudinal Distribution in Anchorage Region of
Amplitude Scintillation Index S4 a n Function of Magnetic Index Kp
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6. LIMITEI) SEASONAL SCINTILLATION COMPARISONS AT
GOOSE BAY AND ANCIIORAGE

It was pointed out earlier that Wideband data at Goose Day exists from late

January, 1979, through August of the same year wl,en the satellite ceased trans-

mittirng. However, at Anchorage the data starts at the, :inme time but ends in

April, 1979. As far as seasonal comparisons ar, concerned only the vernal

equinox behavior can b, cornoptired in the two sectors of the auroral oval. For

Goose Day it Is possible to study tho vernal equinox and summer behavior of

s•iintillations. \Vhlhc the ,quinox comparison at the two stations may be of

ii'o s•, vi,'en ih. ' conflicling lotgig-r.ni brhavior in the two sectors (Figu res 1

arnd 2), rhe' vq irral cqrrrnox .nd sunrno )atter'n it Uoose Bay during high sunspot

cond itions may turn out to re y, rv sli•ilar as was observed in 19t18-69 for

Nar sjas squaq observatilo•s, It is untf(wrtutnate that a full year's Wideband obser-

v"?•cirr: , not iraitl:hIb frorni (;,oo ," Bay.

I on i .:a the n, o p.iti i:on in thi, two sectiores meaningful we have plotted, in

Vigrur,, 78 and 70, rhr( iightlime l and daytinie phase scintillation data observed

rl'uing tht, N'-t e;] cquinox (22 Januaru y thriugi 30 April 1979) at the two stations
keihfv quiet riagtlnit' i oncd iions (Kp - 3. 5). while Figu res 80 and 81 show the

: ime iais dur ing 1r ,!Tlr•thiclly disturb,,d conditions. As with the magnetic activity

studN pre,,.,tvt.d in Suction 5, we have put together data from all three corridors

and show only mýedian values of phase scintillation in Figures 78 through 81 and in

-Iitl rht.r dit, r'•i. is t,) bhi .)ir';ented in this section. The difference in phase scin-

tillat in rbehavior ih ,uito I; ige in tfe two sectors, the relative nighttime and

day!tirne behavior' being quitte different. The median level of nighttime phase scin-

tillation is much higher -it Goose Bay, while the opposite is the situation during

liii daytim#,. To quantiz. the differences in terms of an arbitrary phase scintil-

latin boundary iet at 1 rad, we find that the nighttime boundary is at 58 A for

Gorse Bay and t6
0 "A for Anchorage. Obviously these numbers are somewhat

affected by the geometrical enhancement. The daytime differences, where such

geometriraL factor has little or no effect at the I rad level, are vivid with the

boundary being at 700A for Goose Bay. while it is only 640A for Anchorage.

Indeed poleward of 65 0 A, the daytime phase scintillation exceeds the nighttime

level in the Alaskan sector. This particular behavior is also observed at

Anchorage during magnetically disturbed times (Figure 81). while nighttime

phase scintillation always exceeds the daytime level at Goose Bay (Figure 80).

The four corresponding diagrams fori the amplitude scintillation are shown in

F'g.,res 82 through 85. Using the amplitude scintillation boundary concept with

the b,,undary defined at S 4 - 0. 3. as In Section 5, we find the nighttime and daytime

Goost Bay sector boundaries for quiet magnetic conditions (Figure 82%, to be at
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GOOSE BAY WIDEBAND 138MHz Kp < 3.5
I0 -- ," I I I I I I

DAYS < 120

5 NIGHTI
(2?- 91 pti./DEG.
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(radians) LAT.)
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Figure 78. Phase Scintillation Index a# Observed During the
Vernal Equinox (22 January through 30 April 1979) at Goose
Bay as a Function of Invariant Latitude Under Quiet Magnetic
Conditions (Kp < 3. 5) Separated into Night and Daytime
Periods

570 and 70 A, respectively. These compare well with those defined in terms of

the phase scintillation boundary of I rad. The corresponding numbers in the

Anchorage sector are given by 630 and 65°A. There is a discrepancy between the

nighttime phase and amplitude boundary at Anchorage primarily because the night-

time phase boundary is somewhat artificially lowered by the geometrical enhance-

ment near 60 0 A. The amplitude scintillation during night and day become sensibly

of the same magnitude polewards of 66°A for quiet times (Figure 83) and pole-

wards of 63 A for disturbed times (Figure 85) but, the daytime values do not

actually exceed the nighttime values as was the case with phase scintillations

(Figures 79 and 81). The Goose Bay amplitude scintillation behavior follows that

of the phase as may be observed by comparing Figures 78 and 80 with
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ANCHORAGE WIDEBAND 138MHz Kp<3.5
16 S I I I I I I I

DAYS c 120
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(37-197pts./OEG. LAT.)

(rodioafs)

.2

,05 I i i I I I i i

56 58 60 62 64 66 66 70 72 74 76
INVARIANT LATITUDE

Figure 79. Phase Scintillation Index o Observed During the
Vernal Equinox (22 January through 30 April 1979) at Anchorage
as a Function of Invariant Latitude Under Quiet Magnetic Con-
ditions (Kp < 3. 5) Separated into Night end Daytime Period-

Figures 82 and 84, respectively. The various boundaries are summarized in

Table 3.

The differences in the day-night scintillation behavior at the two stations are

probably the most significant results to emanate from this comparative study.

The reasons for such differences seems quite unclear at the present time. Unfor-

tunately, Wideband data from Poker Flat for the same time period is not avail-

able. The data would have helped in determining whether a consistent pattern is

observed at Anchorage and Poker Flat, two stations almost on the same longi-

tude but 50 apart in latitude.

It is very encouraging to note from published amplitude scintillation data

from Poker Flat (Rino and Matthews. 1980)9 that the daytime 50 percent exceed-

ance level of S4 exceeds the nighttime S4 levels poleward of approximately 670
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GOOSE BAY WIDEBAND 138 MHz Kp > 3. 5
I0 1 1 , r - ' I I I " I

DAYS < 120

NIGHT
(20 -53 pt,./2DEG. LAT.)

2 -

DAY
(II - 83pis./2OEG. LAT.)

(rodions)
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56 58 60 62 64 66 68 70 72 74 76
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Figure 80. Phase Scintillation Index o Observed During the
Vernal Equinox (22 January through 30 April 1979) at Goose
Bay as a Function of Invariant Latitude Under Disturbed Mag-
netic Conditions (Kp > 3. 5) Separated into Night and Daytime
Periods

Table 3. Phase and S4 Boundaries, Vernal Equinox -

Quiet Magnetic Condition (Kp < 3. 5)

Phase S 4

Goose Bay Anchorage Goose Bay Anchorage

Day 70 0 A 64°A 70'A 65°A

Night 58 0 A 600A 57 A 63 A
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ANCHORAGE WIDEBAND 138MHz Kp>3.5
10 : T - I I I I I I I I I

Io~ I I I IDAYS0<20

DAY
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NIGHT
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2
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Figure 81. Phase Scintillation Index ao Observed During the
Vernal Equinox (22 January through 30 April 1979) at
Anchorage as a Function of Invariant Latitude Under Dis-
turbed Magnetic Conditions (Kp > 3. 5) Separated into Night
and Daytime Periods

dip latitude as shown in Figure 86. Rino and Matthews (1980)9 do not point out

that morning scintillation actually exceeds nighttime scintillation at the high-

latitude end but, they do state that "a significant amount of daytime morning scin-
9tillation does occur". Figure 86 was constructed by combining the nighttime and

daytime S4 plots given in Figures 6 and 7 of Rino and Matthews (1980)9 and is very

helpful in establishing the enhanced level of daytime scintillation occurrence. All

data obtained during the year May 1977 through April 1978 were used for the graph,

irrespective of the level of magnetic activity. Over most of the latitude interval

the exceedance statistics vere computed on a large number of 20-sec S4 values in

each 2.5 latitude bin, ýsually varying between 500-1000. The fact that our small

data base at Anchorage follows the trends of the much larger Wideband data bank
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Figure 82. Amplitude Scintillation Index S Observed During
the Vernal Equinox (22 January through 30April 1979) at Goose
Bay as a Function oT Invariant Latitude Under Quiet MagneticConditions ýKp < 3. 5) Separated into Night and Daytime Periods
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GOOSE BAY WIDEBAND DAYS < 120 138MHz Kp>3.5
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Figure 84. Amplitude Scintillation Index S4 Observed During
the Vernal Equinox (22 January through 30 April 1979) at Goose
Bay as a Function of Invariant Latitudc Under Disturbed Mag-
netic Conditions (Kp > 3. 5) Separated into Night and Daytime

Periods
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Figure 85. Amplitude Scintillation Index S4 Observe'd During
the Vernal Equinox (22 January through 30 April 1979) at
Anchorage as a Function of Invariant Latitude Under Dis-
turbed Magnetic Condition. (Kp > 3. 5) Separated into Night
and Daytime Periods
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POKER FLAT WIDEBAND i3C MHz
.4F

RINO AND MATTHEWS

MAY '977 -APRIL 7E N1980)

S,.2

I 4.- _ i

N
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i i CiP LA",

Figare 86. Amplitude Scintilla t ion Index S4 at Poker Flat During 1977-i978 as a
Function of Dip Latitude Separited into Day and Nighttime Periods (Rino and
Matthew.s, 1980),

is ve,'y rara•r:uring and actual physical mrchanisnms for such longitude-deper.dent

morning irregularity generation have to be sought.

lhe final set of graphs prer'ent the summer (May through August, 1979) scin-

tillation nattern onserved at Goose fay. The quiettlme phas- and amplitude s, in-

tillations arte shown in Figures 87 and 89 and the disturbed behavior is bhrrwn in

Figures 88 and 90. 'I wo .actoris are noticeable in comparilton with Goose Bay

spring behavior: 1) there is an overall slight decrease in median scintillation

values in su''.rer and 2) ther" is a tetrndency for the phaset scintillations (Fig-

i.ure 1 87 :rod 88) to show a- increase at the low-latitude end. The decrease in

median -c initillation values ran bes' be described by determining th,- boundary

locationfi the two ,3easoiis. We have alre'ady noted that tlie amplitude boundaryI luring the vei nal equinox at C-rose i.£%y at at 57 0 A by night and 700A by day

(Figur. 2 )5. in contrast, the corresponding utrnirner boundaries are 59 0 A by

night .d approximately 73°A by day. During d.sturbed times the boundaries are,

at 56 0 and 070. respectively,, while the summer boundaries are at 560 and 690 as

given in Table 4. The general shape of the curves in the two seasons remains the

same. The low-latitude ernancement ,iuring the summer, which was noticeably A
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Figure 88. Phade Scintillation Ind(-x Obser'ved During the
Summer (M.ay through August) 0t 

(loose lBay wi a Vunctloti "
Invariant Latitude Under Disturbed Magrneti' (CoririIions
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the Summer (May through August) at Gooae Bay as a Function
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(Kp > 3. 5) Separated into Night and Daytime Periods
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7. CONCLUSIONS

Phase and amplitude scintillation measurements from two widely separated

auroral stations have been presented. While the primary objective of this report

was to determine the scintillation statistics at the two stations, which would be

helpful to users In planning their individual system requirements, features of

considerable scientific interest were also observed which need further study.

The findings which fall in this latter category are: I) the existence of LT-shell

aligned sheets in the daytime and 2) the existeice of a silvnficant amount of

daytime scintillations in the Alaskan sector at latitudes -65 0 A, To emphasize
these findings we show in Figure 91 the phase scintillations observed during four

individual daytime passes in the western corridor of the Alaskan sector, that show

large geometrical enhancements as 'ell as large "source" enhancements at lati-
tudes greater than 6toA. The large values of the Itriggs-Parkin (BP) angle

clehrly indicate that these passes are off the magnetic meridian plane, Such en-

hancements were obseirved in more than half of the passes in the western corridor

as mentioned earlier, Goose Day sector passes also clearly showed evidence of

such off-overhead geometrical enhancements when irregularities were present

equatorward of the station, particularly in the eastern sector.
The ('xistence of a longitudinally vz..y- "j daytime irregularity source approxi-

tuately 100 equatorward of the dayside auroral oval is quite intriguing. In the

Alaiskan sector, t'-ordcinated ('hatanika radar and scintillation measurements using

250-Mliz beacons and the GPS constellation of satellites are planned for November,
1981, to study thse problems further. It will be quite important to determine

whether the current-convective instability (Ossakow and Chaturvedi, 1979%":;

(haturvedi and Ossakow, 19 7 9 33; Vickrpy ,t al, 1980 34) and the r, X instability
that have bev'n postulated to explain nighttime scintillations (Rino and Owen,

1910 Himno, 1• 135 ) are ::1so valid mechanisms for daytime irr-gularity genera-
tion.

As •tr as the user is concerned, the most notabli, feýature has been thu longi-
tudintal diffi,,crn observ4,d during the same se,ison (vernal equinox) of the relative

daytime and nighttime lev,,Is of nhase and amplitud& scintillations at the two

:32. Ossakow, S. I.. ind Chaturvedi, P. K. (117,)) Current convective instability
in the diffuse aturora, Geophys. Res. Lett. 6:332.

33. (Chaturvedi, P. K. and Ossakow, S. L. (1979) Nonlinear stabilization of the
current convective instability in the diffuse aurora, Geophys. Res. Lett.
0;:957.

34. Vickrey, J.F., Rise, C.L. and Potemra, T.A. (1980) Chatanika Triad
observations of unstable Ionization enhancements in the auroral F-region,t Geophys, Res. Lett. 7:789.

o35. ins, C.L. (1981)Private communication.
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stat ions. 'I'hle diff,'•t-eires are lar ge' enrough to warrant more Iiea'asUtemefnts of this

kind to provide re•,listic' lnjatli to use'r-nrijnted modelsh. currrently under develop-

merit (arons e't al, 980;; iremouw and liansinget, 19812)). Finally, It ought

to be pointed out that these' or.1a'sulren1ent s were enried out at the highest part of

the curruitnt sunspot u,'cer Iv. It tin mi l anrtnn to eslimate the e'ffect of the sunspot

cyveI on sgeintilat ions with the hlp eot longl-te• em ,easuremnrents•

A sequel to this teport will presont phase and amplitude scintillation statistics

ohtamnted atGoos,' I.iev with the' geostatton inv satellite Fleet sat.,orn transuittting at

244 Mllz, The geostat tonar"' N. 'hit will allow the determination of a romplete

diurnal pattern orif n t a111 h 'i tatitW-EiHN,

q) 11I)[EJAN{3 13M mH1I
BP W 3 ANt HORA~eE DAYTro4

6ii

I nNrgTrRN CORRIMI?~

7k

'I, I+[\ - °4 j

0 -A T

I -E 0

3 ARAMETER -. ý 41
54 71A 60"A AN S3 46A

I.'igure 9il. Individual IDaytitmue Passes in the Western Corridor from Anchorage

Showinq Daytiun, Ge'oroeft licl .inhaenement

36. Aarons, J.e MacKenzie, E., and Bhavnani, K. (1980) High latitude analytical
formulas for scintillation levels, Radio Scl. 15:115, AFGL-TR-80-
0144. AD A084 299.
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